Hermaphroditism is considered the ancestral condition from which all other sexual reproductive systems have evolved in the angiosperms (see Barrett 2002 for a review). Gynodioecy, where hermaphrodite and female individuals coexist within populations, has been traditionally viewed as one intermediate evolutionary stage between the two most common reproductive systems, hermaphroditism and dioecy. The evolutionary pathway from hermaphroditism to dioecy via gynodioecy has been satisfactorily modeled theoretically, and requires the spreading of male-sterile mutants into cosexual populations followed by selection against female function in the remaining hermaphrodites (Schultz 1994; Charlesworth 1999) . At the first stage, to spread and persist within populations, the male-sterile mutants must have some consistent fecundity advantage that compensates for their gametic disadvantage. In theory, the female frequency within single populations of infinite size would be regulated by the relative seed production of each sexual morph, and the degree of selfing and inbreeding depression (Charlesworth 1999) . Metapopulation models have further indicated that whenever a population is subdivided into local groups, individual fitness will be also a function of local morph frequency and pollen limitation of seed production, which would determine if evolutionary processes allow the maintenance of polymorphism (McCauley and Taylor 1997) . The stability of gynodioecy can be also favored by nucleo-cytoplasmic sex determination (Bailey et al. 2003; Bailey and Delph 2007; Dufay et al. 2007 ; but see Schultz 1994) .
In the last two decades important efforts have been made to verify these models, explain some seeming exceptions to the rule, and understand the ecological conditions favoring such microevolutionary transitions in sexual reproductive system (Delph and Carroll 2001; Medrano et al. 2005; Ashman 2006; McCauley and Bailey 2009 ). In addition, some phylogenetic analyses of reproductive system evolution based on molecular markers (see Weller and Sakai 1999 for a review; Weiblen et al. 2000; Vamosi et al. 2003; Navajas-Pérez et al. 2005) have also supported the theoretical pathway for a few plant groups in a macroevolutionary context, and reversals from dimorphism to hermaphroditism have been also inferred at the interspecific level (e.g., Weller et al. 1995; Desfeux et al. 1996; Weiblen et al. 2000) .
Links between the micro and macroevolutionary approaches are being provided by studies of geographical variation in species that exhibit among-population variation in reproductive system (hereafter referred to as subdioecious). These investigations have shown that environmental stress, founder effects, and interactions with pollinators, are commonly correlated with the frequency of females in subdioecious species (e.g., Case and Barrett 2004; Nilsson andÅgren 2006; Ramsey et al. 2006; Alonso et al. 2007; Caruso and Case 2007) . Finally, intraspecific phylogeographic studies in which the historical relationships between populations differing in reproductive system can be ascertained using molecular markers may also provide crucial information to identify the most common transitions in reproductive system evolution at the intraspecific level. By mapping selected characters on a phylogeny, such studies can suggest whether other morphological, functional, and ecological characters have played a role in this microevolutionary process. However, such studies are scarce (see e.g., Fénart et al. 2006) , most likely because of the difficulties in finding well-supported intraspecific phylogenetic trees and intraspecific variation in reproductive system simultaneously for the same species.
Our study uses a phylogenetic approach to provide a historical frame for the evolutionary transitions between hermaphroditism and gynodioecy at an intraspecific level. Daphne laureola L. (Thymelaeaceae) is a shrub widely distributed in the understory of European forests. Monomorphic (i.e., hermaphroditic) and gynodioecious populations are patchily distributed over the Iberian Peninsula (Alonso et al. 2007 ). Gynodioecious populations prevail in the northwest and southeast of this large geographic area and, most likely, also at other disjunct areas of the species range (gynodioecious populations occur also in Slovenia and Morocco; C. Alonso, unpubl. data). In addition, there are at least two disjoint, distant areas in the northeast and southwest of the Iberian Peninsula in which pure hermaphroditic populations exist. We attempt to understand such a geographic pattern using molecular phylogenetic tools. Combining different marker systems is usually advantageous to unravel intraspecific evolutionary histories; thus we analyze the internal transcribed spacer (ITS) region of the nuclear ribosomal cistron, and two plastid markers (psbA-trnH and ndhF). Nuclear and plastid markers show contrasting modes of inheritance. It is thus particularly interesting to combine both to track plant reproductive system evolution because, as mentioned above, gynodioecy is frequently determined by the interaction between maternally inherited cytoplasmic male sterility (CMS) factors and biparentally inherited nuclear genes that restore male fertility (Kaul 1988; but see McCauley and Olson 2008) .
The following questions are addressed in this article. What are the phylogenetic relationships between D. laureola populations from different Iberian regions and how does the sexual reproductive system change along the molecular phylogeny? Are D. laureola populations from the hermaphroditic disjunct areas genetically more related to each other rather than to gynodioecious populations? If so, is hermaphroditism the ancestral trait among D. laureola populations? Or alternatively, in which direction and how many times has the transition between gynodioecy and hermaphroditism occurred?
Materials and Methods

PLANT MATERIAL AND STUDY SITES
Daphne laureola L. (Thymelaeaceae) is an early-season flowering, insect-pollinated and bird-dispersed, evergreen shrub widely distributed in Europe (Brickell and Mathew 1976) . Typically it grows in the undergrowth of shady mountain forests. In the Iberian Peninsula, the species is frequent in the northern Cantabrian and Pyrenean Mountains, characterized by Atlantic climate and deciduous and mixed forest, and also in the southern Mediterranean Betic Ranges, where it inhabits evergreen sclerophyllous and subsclerophyllous woodlands (Alonso et al. 2007) . At this large geographic scale, D. laureola exhibits among-population variation in reproductive system. Gynodioecy is the most common sexual system and prevails in the northwestern and southeastern Iberian populations but there are at least two disjunct, distant areas in the northeast and southwest of the Iberian Peninsula in which purely hermaphroditic populations exist (Alonso et al. 2007) .
We studied the phylogenetic relationship between individuals from four hermaphroditic and seven gynodioecious Iberian populations of D. laureola (see Fig. 1 for locations) . Those populations were a subsample of a broader survey conducted to determine the geographic variation in the proportion of female and hermaphrodite plants per population (Alonso et al. 2007 ). All of them have more than 100 individuals. Gynodioecious populations were located in NW, NE, and S Iberian regions and their frequency of females (11%-54%; Table 1 ) encompassed the range Table 1. of variation recorded at the broad geographic scale (see Alonso et al. 2007 for details). Three hermaphroditic populations were selected from the NE region where they are frequent, and one from the S region where they are not so common. In addition, we included two European populations outside the Iberian Peninsula, one hermaphroditic and one gynodioecious, to better characterizing the phylogeographic relationships by broadening the geographic distances (Fig. 1) . The two populations were located in two different Slovenian mountain ranges, distant about 70 km from each other, and the hermaphroditic population was smaller (22 individuals) than the gynodioecious population (>100 individuals). Each population was represented in the phylogenetic analyses by two individuals of each sex (N = 42 individuals) to allow detecting possible polymorphisms linked to sex (e.g., McCauley and Olson 2003) . The small sample size per population was chosen on the assumption of reduced levels of polymorphism in DNA sequences at the within-population level, as frequently found for plastid markers (e.g., Cornman and Arnold 2007) .
Finally, leaf samples from two to six individuals of other six European Daphne species (D. blagayana, D. cneorum, D. gnidium, D. mezereum, D. oleoides, and D. rodriguezii) were also collected and similarly analyzed to allow the rooting of the phylogenetic trees because no molecular phylogeny of Daphne is currently available.
DNA ISOLATION AND MOLECULAR ANALYSIS
Total genomic DNA was isolated from freshly frozen bud tissue maintained at −80
• C, using a DNeasy 96 Plant Kit (QIAGEN, Inc., Valencia, CA). We selected one nuclear and two cpDNA regions for sequencing: the ITS region of the 18S-5.8S-26S nuclear ribosomal cistron and the psbA-trnH intergenic spacer and the ndhF gene, respectively. PCR-amplification was performed by using PCR-Beads kits (PuReTaq Ready-To-Go TM , Amersham Biosciences, UK) with approx. 25 ng of DNA template, and 0.2 mM of each primer in a final volume of 25 μL. The following primers were used for each region: P1A/P4 for the complete ITS region (ITS1, 5.8S gene, ITS2; White et al. 1990; Downie and Katz-Downie 1996) , psbA/trnH for their intergenic spacer (Sang et al. 1997) , and primers 1318 and 2110R for the 3 end of the ndhF plastid gene (Olmstead and Sweere 1994) . The PCR mix underwent the following conditions on a 9700 thermal cycler (Perkin-Elmer, Norwalk, CT): 10 min denaturing at 95 
DATA ANALYSES
Sequences and alignment
Forty-two ITS sequences of D. laureola and 18 of the other Daphne species analyzed were generated from forward and reverse sequences (GenBank accession numbers GQ167491-GQ167548, HQ268822-HQ268823). Forty-two sequences of the psbA-trnH marker were obtained for D. laureola, and 16 of the other Daphne species (GenBank accession numbers GQ167433-GQ167490). Thirty-seven sequences of the ndhF marker were obtained for D. laureola, and 10 of the other Daphne species (GenBank accession numbers GQ167388-GQ167432, HQ268820-HQ268821). For sequence analyses, multiple alignments were performed using ClustalX, with default parameters for gap opening and extension (Thompson et al. 1997) . The ITS and ndhF regions analyzed did not show any indel variation within the D. laureola sequences that constitute the focal purpose of this study (see Appendices S1 and S2). Consequently, gaps were treated as missing data. The alignment of the psbA-trnH intergenic spacer was not so straightforward. First, at the interspecific level a 5 bp inversion occurred at position 36, that was coded as a single character change, with all ingroup taxa exhibiting the same character state for the inversion. Second, the initial alignment of our study sequences (see Appendix S3) suggested that two insertion/deletion events occurred within the D. laureola sequences analyzed that would be ignored if treated as missing data. The first one involved an A rich region with 9, 10, or 11 repeats, and the second one involved a TA motif with 7, 10, or 13 repeats. The complex architecture of this plastid marker that can affect automatic alignment (Storchova and Olson 2007; Morrison 2009) , and the absence of sequences of other Thymelaeaceae phylogenetically close to Daphne that could improve the phylogenetic interpretation of these events precluded us from coding indels and thus gaps were conservatively treated as missing data.
Haplotype detection
Statistical parsimony network implemented in the TCS program (Clement et al. 2000) was used to detect haplotypes, estimate the mutational differences among them justified by the parsimony criterion, and establish the resulting network that would allow incorporating the frequently nonbifurcating genealogical information associated with population-level divergences. Confidence level was set at 95%, and gaps were treated as missing data.
Phylogenetic analysis
Five ITS sequences of the sister genus Thymelaea (GaliciaHerbada 2006) retrieved from GenBank (AJ549483 T. villosa, AJ549489 T. argentata, AJ549468 T. dioica, AJ549470 T. granatensis, and AJ549442 T. passerina), were included into the analyses to explore the phylogenetic relationships of Daphne with respect to another Thymelaeaceae and improve the rooting of our focal sequences. Phylogenetic relationships among taxa were estimated using maximum parsimony analysis (unordered characters, equal weights; referred as MP hereafter) as implemented in PAUP 4.0b10 (Swofford 2002) . Heuristic searches with random trees used as a starting point and 10 random addition sequences of taxa were performed with the TBR branch-swapping algorithm and MulTrees options in effect. Bootstrap support (referred as BS hereafter) values were calculated on 1000 replicates. Bayesian inference phylogenetic analyses were also conducted using MrBayes version 3.1.2 (Huelsenbeck and Ronquist 2001) . Analyses were run for 100,000 generations with four MCMC chains and two independent runs with trees sampled every 100th generation, and the first 80-90 sampled trees discarded by burn-in. Modeltest version 3.7 (Posada and Crandall 1998) was used to determine the DNA substitution model that best fitted the data among those available in MrBayes. The model chosen for our data using hierarchical likelihood ratio tests was HKY + G, which assumes a time-reversible process, a nonuniform distribution of nucleotides and different rates for transitions and transversions, and accounts for among-site rate variation using the gamma distribution. Thus, we set Nst = 6 and rates = gamma options in MrBayes analyses.
We performed maximum likelihood ancestral state reconstructions of the population reproductive system on the MP tree based on the three sequenced regions analyzed simultaneously, that was topologically similar but with a better resolution than those obtained from cpDNA and rDNA markers analyzed independently. As reproductive system is a population-level feature, we reduced our sample to just a single individual per population. This procedure should not affect phylogenetic signal in any important way, because in most cases all the samples from the same population were invariant in sequence and exhibited identical ribotypes and haplotypes (Table 1 ). In the only three populations where polymorphism occurred at some marker, variability involved a single individual out of the four sampled, and we represented each population using the commonest variant. We used Mesquite 2 (Maddison and Maddison 2007) and coded population sexual system as a binary character (hermaphroditism vs. gynodioecy). The rate of a character's evolution was estimated under the simple Markov k-state one-parameter stochastic model, assuming that transition between hermaphroditism and gynodioecy had the same probability in both directions.
Results
DAPHNE LAUREOLA IN THE CONTEXT OF OTHER EUROPEAN DAPHNE SP.
ITS-based phylogenetic analyses
The percentage of potentially parsimony-informative sites in the complete ITS region analyzed was 19.2% from 604 characters. The score of the best trees found was 246, and the strict consensus tree had consistency index (C.I.) = 0.825 (Fig. 2) . Both parsimony and Bayesian analyses yield a similar topology in their resulting trees where all D. laureola sequences strongly group together in a single lineage (BS and posterior probability 100%). The lineage splits into two separate lineages both with a high BS. One encompasses the representatives from NW Iberian populations including the two Pyrenean gynodioecious populations (AL and SV), and the second groups the remaining sequences. This second group remains largely unresolved due to lack of variation, except for two small groups of sequences. The first group singles out (BS 86%) those sequences coming from the two westernmost Southern Iberian populations (ST and CA), and the second groups with a low BS (68%) several Slovenian sequences.
The results of TCS analysis identify four different ribotypes A, B, C, and D in D. laureola (Table 1) , A being the most frequent within the sequences analyzed and the one identified as the oldest in the sample. Different Daphne species yielded different unconnected networks (results not shown). One important feature is that all the samples from the same population invariantly share the same ribotype, except for the gynodioecious Slovenian population (Table 1) . In this population three individuals have ribotype A and the other one has ribotype B, an infrequent ribotype present only in the second Slovenian population studied and differing by only a single change with regard to ribotype A. Hermaphroditic populations in NE Iberian Peninsula all have ribotype A, which was also shared with the two easternmost Southern Iberian populations (CB and HV) and three of four individuals of the gynodioecious Slovenian site mentioned above. Ribotype C differed from A in two changes and was only present in the two westernmost Southern populations (ST and CA). Ribotype D differed in nine changes with regard to ribotype A and was present in the four gynodioecious populations studied in Northern Iberian Peninsula.
Plastid DNA-based phylogenetic analyses
The percentage of potentially parsimony-informative sites was 4.1% from 758 characters in the ndhF region and 8.8% from 318 characters in the psbA-trnH intergenic spacer (after coding one inversion of five characters as a single change). The two markers suggested a similar topology and thus we combined their analyses, discarding the individuals that lacked one of the two markers. The score of the best trees found was 75 and the strict consensus tree had C.I. = 0.947.
Plastid DNA based phylogenies also revealed D. laureola as a monophyletic lineage where no haplotypes are shared between different species (Fig. 3) . The monophyly of the lineage is supported by a BS value and posterior probability of 100% (Fig. 3) . The study sequences appear included in a large polytomy where all the NW Iberian individuals, singled out according to the ITS analyses, are nested. Within this polytomy three lineages arise, all supported by strong Bayesian posterior probabilities (Fig. 3) : the first one gathers NE Iberian and Slovenian populations (BS 99%), the second one includes most sequences from the Southern Iberian populations, and the last one joins two single sequences from two Southern Iberian populations (BS 85%). Six haplotypes can be inferred from the TCS analysis of D. laureola combined plastid sequences psbA-trnH and ndhF (Table 1) . None of them is present in any of the other sampled species, for which the haplotype networks remain unconnected to the main ingroup network (results not shown). Three haplotypes (2, 4, and 5) are represented by only a single individual each and thus should be interpreted with caution. Haplotype 1, the most frequent one and plausibly so the oldest in our sample (Clement et al. 2000) , is characteristic of NW Iberian populations (Fig. 4) , except for a single individual in SV population with haplotype 2, differing in a single change in the ndhF sequence. The Haplotype 3 characteristic of most of the Southern Iberian populations differs from the previous one in one change in the psbA-trnH region. Haplotype 6 is characteristic of hermaphroditic NE Iberian and the two Slovenian populations and differs from the previous ones in five and six changes, respectively. Finally, Haplotype 5, present in the CA Southern Iberian population is the most dissimilar one (Fig. 4) .
MAPPING REPRODUCTIVE SYSTEM IN THE PHYLOGENY
The MP tree based on a single individual per population and the three sequenced regions analyzed simultaneously showed a topology similar to those obtained using all the study samples, Table 1. with monophyly of D. laureola supported by 100% BS, and the three major lineages distinguished within this clade (NW, S, and NE; Fig. 5 ) being consistent with those obtained with all the available samples (Figs. 2 and 3) . None of the rest of species showed evidence of gynodioecy (Brickell and Mathew 1976) , and consequently the most likely ancestor between D. laureola and the closest species in the phylogeny was hermaphroditism with 86% support (Fig. 5) .
The hypothetical ancestor common to all the D. laureola study populations showed an 81% likelihood of being gynodioecious (Fig. 5) . Within D. laureola, the NW clade (91% BS) that grouped all the Northern gynodioecious populations had a 100% likelihood of having a common ancestor gynodioecious (Fig. 5) . The common ancestor to all S and NE populations had 89% likelihood of being gynodioecious, hermaphroditism being thus a derived condition in the CA Iberian population. Furthermore, the NE clade (100% BS) had 100% likelihood of having a common ancestor hermaphroditic, gynodioecy being thus a derived condition in the Slovenian SL3 population (Fig. 5) .
Summing up, gynodioecy appeared as the most likely ancestral state common to all the D. laureola populations studied, and the different evolutionary transitions in reproductive system traced within each clade account for current geographic variation at the within-species level (Fig. 5) .
Discussion
PHYLOGEOGRAPHY OF D. LAUREOLA IN THE IBERIAN
PENINSULA
The Iberian Peninsula is a relatively isolated, physiographically complex area in the western part of the Mediterranean Basin, with strong climatic gradients between the Atlantic, Mediterranean and continental territories, and contrasted soil types. The Iberian mountain ranges, that predominantly run east-west, have apparently provided multiple Pleistocene glacial refugia for many temperate European tree species, which currently retain a higher genetic diversity than in more northern areas of their distribution ranges (Gómez and Lunt 2007; de Heredia et al. 2007 ). Such longterm historical processes might have affected even more strongly the genetic diversity and phylogeography of an understory species like D. laureola. The disjunct distribution of D. laureola within the Iberian Peninsula (Fig. 1) coupled with the recent discovery of among-population variation in reproductive system in both the Northern and Southern areas of the Iberian distribution range (Alonso et al. 2007 ) prompted this phylogeographic study aimed to describe the genetic relatedness between several populations broadly distributed geographically and to unravel the evolutionary transitions between hermaphroditism and gynodioecy at the intraspecific level.
Our results supported D. laureola as a monophyletic lineage. No haplotypes or ribotypes were shared with different species. At intraspecific level, in one hand we found out that the a priori distinction between NE and NW regions, based on the reduced abundance of D. laureola in the Eastern part of the Cantabrian mountains, did not accurately reflect the phylogenetic history of the species because the two gynodioecious populations sampled in the Western Pyrenees (AL and SV) were genetically akin to a well-supported NW clade based on ITS, characterized by ribotype D, and they also share the distinctive NW haplotype 1, plausibly the oldest in our sample, with the only exception of a single sequence with the infrequent haplotype 2 (Fig. 4) . Furthermore, the plastid markers also indicated that all samples from the hermaphroditic NE Iberian populations, including the one located at a southern pre-Pyrenean foothill (SJ), were genetically interrelated and grouped together with the Slovenian samples, characterized by the distinctive haplotype 6 (Fig. 5) . Thus, genetic differentiation of D. laureola in the North apparently occurred at the central region of the Pyrenees, somewhere between the prePyrenean (SJ) and Pyrenean (SV) populations, distant only a few kilometers (Fig. 1) , but with a sharp contrast in geological history and climate (García-Castellanos et al. 2003) . Interestingly, genetic differentiation occurred together with disparity in population reproductive system, with the NE Iberian populations, characterized by drier and warmer locations, being all hermaphroditic (Alonso et al. 2007 ) and more genetically related to Slovenian populations than to the other Iberian populations sampled. On the other hand, the Southern populations showed characteristic haplotypes 3, 4, and 5 and two different ribotypes, one of them shared with the NE clade, suggesting also certain genetic differentiation within this region, further supported by analyses of amplified fragment length polymorphisms (AFLP) variation (A. R. Castilla, C. Alonso and C. M. Herrera, unpubl. data) . To ascertain whether genetic differentiation is due to different D. laureola refugia during the last glaciation in the Iberian Peninsula, like in several of the forest tree species such as Fagus sylvatica (Magri et al. 2006) , deciduous oaks (Olalde et al. 2002) , and evergreen oaks (de Heredia et al. 2007 ), or to local adaptation and diversification would require a more comprehensive phylogeographic sampling of the species. The remarkable diversity of ribotypes and haplotypes already obtained with our limited geographic sample apparently supports the hypothesis of multiple Iberian refugia. However, it could be further related to variation in reproductive system itself if gynodioecious species harbor more old haplotypes, as recently found with mitochondrial genes (Touzet and Delph 2009 ).
EVOLUTION OF REPRODUCTIVE SYSTEM IN
D. LAUREOLA
A recent review of gender variation within Thymelaeaceae has shown the existence of unisexual flowers and diverse reproductive systems in a large proportion of genera (Beaumont et al. 2006) . Such variation was concentrated in the largest subfamily Thymelaeoideae, to which most genera including Daphne belong, in contrast to the other three smaller subfamilies in which hermaphroditism is ubiquitous. In particular, the sister genus Thymelaea (Van der Bank et al. 2002; Galicia-Herbada 2006) is highly variable in reproductive system, and in the Iberian Peninsula only T. passerina of 21 species has a monomorphic hermaphroditic reproductive system (Pedrol 1997) . Although the genus Daphne (ca. 70 spp) apparently is not so variable in reproductive system, gynodioecy is known from D. kamtchatica (Kikuzawa 1989) , and unisexual flowers have been occasionally reported from D. acutiloba, D. jezoensis, D. mezereum, D. odora, and D. oleoides (Brickell and Mathew 1976; , which suggests that "further study of the genus is required to determine the significance of these characters" (Brickell and Mathew 1976, p. 6) .
Recent studies on the ecological context of reproductive system variation in D. laureola showed that hermaphroditic Iberian populations were associated with higher ambient temperatures and lower annual precipitation than gynodioecious ones, and suggested that the abiotic features conditioning gender polymorphism would be similar at both Northern and Southern regions (Alonso et al. 2007) . Different selective and stochastic processes might prevail at different geographic locations (e.g., Nilsson andÅgren 2006) and phylogenetic analysis can be essential to unravel, for instance, if similarity in population reproductive system or average plant size could also reflect genetic similarity between populations or not. Phylogenetic analysis would be also useful to identify cryptic species, as in the Wurmbea genus, where the study of the evolutionary transitions of reproductive system with a phylogenetic perspective contradicted the monophyly of two sexually polymorphic taxa, Wurmbea dioica and W. biglandulosa (Case et al. 2008) .
Our analysis of intraspecific genetic relationships between populations of D. laureola differing in reproductive system aimed to unravel whether hermaphroditic populations from NE and S Iberia were closely genetically related to each other and were placed as a basal group in the phylogeny that could be interpreted as the relict representatives of a formerly wider distribution range. That hypothesis would be consistent with hermaphroditism being the ancestral condition shared by all the analyzed Daphne species and the macroevolutionary pathway suggested for the whole Angiosperms (Barrett 2002) . Results did however indicate that NE and S hermaphroditic populations were located in different clades within the phylogenies obtained from both nuclear and plastid markers and thus do not support a single origin of the populations in which female-sterility mutants are not currently present. Gynodioecy emerged anyway as the most likely ancestral state common to all the D. laureola populations sampled, being ubiquitous in the NW clade and also present in the other two sequence groups (Fig. 5) .
Different evolutionary transitions in reproductive system were traced within each D. laureola clade, with two events of change from gynodioecy to hermaphroditism and one further reversion from gynodioecy to hermaphroditism (Fig. 5) . Gynodioecy emerged as the most likely condition of the ancestor common to all the populations sampled at NW Iberian Peninsula, genetically characterized by ribotype D and haplotypes 1 and 2. Such an ancestor would have likely survived within this interglacial refugium (see above) from which it would have eventually recolonized all the Northwestern Iberian mountain ranges including the Western Pyrenees. In contrast, hermaphroditism emerged as the most likely condition of the ancestor common to Slovenian and NE Iberian populations sampled (Fig. 5) , genetically characterized by the haplotype 6, suggesting another interglacial refugia of the species located in NE Iberian mountains, that would have likely followed different recolonizing routes to Central Europe and the Southern Iberian ranges, where gynodioecy would have succeeded as the commonest reproductive system in the South (Alonso et al. 2007 ). Population dynamics and selective particularities of a complex trait such as reproductive system (Pannell and Dorken 2006; Case et al. 2008) can likely explain such evolutionary liability although it has been only rarely documented at intraspecific level (Fénart et al. 2006) .
In fragmented landscapes, hermaphroditism and selfing would be positively selected in recently colonized populations due to reproductive assurance advantages when the number of immigrants is low (Pannell 1997; Pannell and Dorken 2006) . A recent metapopulation model further suggests that gene migration among demes can be essential for the dynamics of the system under nucleo-cytoplasmic inheritance (Dufay and Pannell 2010) . At the geographic scale studied here, fragmentation of the landscape with repeated colonization and extinction of local populations has likely been the commonest scenario for D. laureola, an understory species of shady mountainous forest, since the last glaciation. Long-distance dispersal events involving very few seeds dispersed by birds would allow the colonization of relatively small and isolated mountains and would be characterized by a reduced genetic diversity within population (Bialozyt et al. 2006) . Interestingly, the Southwestern hermaphroditic population CA is characterized by absence of variability in the 73 adult individuals analyzed (C. Alonso, unpubl. data) for the three allozyme systems that were known to be polymorphic in several Southeastern populations (Medrano et al. 2005) , thus suggesting that a long-distance colonizing event could be behind the only hypothesized reversion from gynodioecy to hermaphroditism observed. Ongoing studies at the Southern Iberian Ranges support a role of among-population gene flow in the dynamics of gynodioecy (Dufay and Pannell 2010) , because the frequency of females and prevalence of gynodioecy were higher in the central region, with highly connected populations encompassing a broad altitudinal range, than in the marginal and highly isolated Western Betic Ranges where the hermaphroditic CA population is located (A. R. Castilla, C. Alonso and C. M. Herrera, unpubl. data) . In addition, Dufay and Pannell (2010) simulations suggest that, when migration among local populations is absent for a few hundred generations, the combination of genetic drift and selection will promote allele fixation, frequently leading to hermaphroditism within populations, and even at the metapopulation scale if female reproductive advantage is not strong. Such extreme isolation of populations is expected to happen in highly heterogeneous landscapes such as the small and isolated foothills characteristic of the NE Catalonian Coastal Ranges (García-Castellanos et al. 2003) , where all D. laureola populations surveyed were found to be hermaphroditic and individual plants smaller, presumably reducing geitonogamous selfing and the potential for a female advantage by inbreeding avoidance (Alonso et al. 2007) .
Altogether, our study highlights that plant reproductive system is not necessarily a species-specific trait, but can be a variable, labile feature subject to eco-evo coevolutionary feedbacks (Kokko and López-Sepulcre 2007) with hermaphroditism and selfing being positively selected at the low individual frequencies characteristic of new colonized populations but with male-sterile mutants being able to spread in more dense (older) populations if they reach some reproductive advantage through quantitative seed production or inbreeding avoidance (Medrano et al. 2005 , and references therein) and are able to maintain some gene flow among them (Dufay and Pannell 2010) . Under this scenario, species can evolve gynodioecy from hermaphroditism as traditional models predict (Barrett 2002) , but gynodioecy can also revert to hermaphroditism, favored by genetic drift and isolation. A combination of selective and stochastic processes will determine the course and polarity of evolutionary transitions, the role of stochasticity being expected to increase with population isolation and limitations to gene flow, as commonly found at the borders of species distribution ranges (Herrera and Bazaga 2008) . Broad phylogeographic analysis of species that exhibit among-population variation in reproductive system are bound to contribute in important ways to understand how the macroevolutionary history of colonization/extinction and diversification inferred from neutral genetic markers, and the microevolutionary population dynamics of reproductive system, converge to explain the evolution of plant polymorphic reproductive systems.
